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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through  frequent 
inspections  can  unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or  corrected. 


Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff),  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should 
not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 
The  test  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 
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Watershed: 

Stream: 

Date  of  Inspection: 


Dashville  Dam 
I.D.  No.  NY-76 
(0759-LH) 

New  York 

Ulster 

Lower  Hudson  River  Basin 
Wallkill  River 
November  13,  1978 


ASSESSMENT 


Examination  of  available  documents  and  a  visual  inspection  of  the 
dam  did  not  reveal  conditions  which  constitute  an  immediate  hazard  to 
human  life  or  property.  However,  additional  studies  are  recommended 
to  further  evaluate  conditions  affecting  the  dam.  Additional  detailed 
structural  stability  analyses  should  be  commenced  within  six  months  and 
completed  within  one  year  of  the  date  of  this  report.  Such  analyses 
should  be  performed  in  accordance  with  the  Corps  of  Engineers  Guidelines, 
Included  in  Appendix  G.  Appropriate  remedial  measures  deemed  necessary 
should  be  completed  within  two  years  of  the  date  of  this  report.  Minor 
deficiencies  found  during  the  visual  inspection  were  limited  to  concrete 
surface  deterioration  and  cracking.  Such  deficiencies  should  be  corrected 
during  normal  maintenance  operations. 

The  spillway,  not  having  sufficient  discharge  capacity  for  passing 
one-half  the  Probable  Maximum  Flood  (FMY) ,  is  considered  to  be  inadequate. 
Because  of  relatively  insignificant  reservoir  storage  capacity  at  the  dam, 
both  dam  non-failure  and  failure  discharges  routed  over  the  spillway  at¬ 
tain  similar  water  surface  elevations  in  the  downstream  areas.  Hence,  dam 
failure  from  overtopping  would  not  significantly  increase  the  hazard  to 
loss  of  life  downstream  from  that  which  would  exist  just  before  overtopping 
failure. 


George  Koch 

Chief,  Dam  Safety  Section 
New  York  State  Department  of 
Environmental  Conservation 

NY 
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DASHVILLE  DAM 
I.D.  No.  NY-76 
(#759  L.H.) 

LOWER  HUDSON  RIVER  BASIN 
ULSTER  COUNTY.  NEW  YORK 


SECTION  1:  PROJECT  INFORMATION 

1. 1  CENERAL 

a.  Authority 

The  Phase  1  inspection  reported  herein  was  authorized  by  the  Depart¬ 
ment  of  the  Army,  New  York  District,  Corps  of  Engineers,  to  fulfill 
the  requirements  of  the  National  Dam  Inspection  Act,  Public  Law  92-367. 

b.  Purpose  of  Inspection 

This  inspection  was  conducted  to  evaluate  the  existing  conditions  of 
the  dam,  to  identify  def iciencies  and  hazardous  conditions,  to  determine 
if  these  deficiencies  constitute  hazards  to  life  and  property,  and  to 
recommend  remedial  measures  where  required. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenant  Structures 

The  Dashville  Dam  is  a  run-of— river ,  concrete  gravity  structure  part 
of  which  forms  an  ogee  section.  The  dam  is  370  feet  long  and  varies 
in  height  from  3  feet  at  the  northwestern  end  to  38  feet  at  the  south¬ 
eastern  end.  There  are  flashboards,  3.5  feet  in  height,  across  the 
spillway  crest.  An  operating  hydroelectric  power  station  is  located 
on  the  southeastern  end  of  the  dam.  Four  gates  in  the  power  house 
control  the  flow  into  the  hydromachinery  units. 

b.  Location 

The  dam  is  located  on  the  Wallkill  River,  approximately  one  quarter 
mile  west  of  the  hamlet  of  Dashville  along  State  Route  213. 

c .  Size  Class  1 f i cat  ion 

The  dam  is  38  feet  high  and  the  reservoir  has  a  storage  capacity  of  92 
acre-feet.  Therefore,  the  dam  is  in  the  small  size  category  as  defined 
by  the  Recommended  Guidelines  for  Safety  Inspection  of  Dams . 

d.  Hazard  Classification 

The  dam  is  classified  as  "significant"  hazard  due  to  the  presence  of 
several  houses  and  the  Sturgeon  Pool  Dam  downstream  of  this  structure. 

e.  Ownership 

This  dam  is  owned  by  the  Central  Hudson  Gas  and  Electric  Corporation 
of  Poughkeepsie,  New  York.  Mr.  Donald  Otis  (914)  452-2000  is  the  repre¬ 
sentative  of  the  utility  who  was  contacted. 


f.  Purpose  of  Dam 

The  dam  provides  a  storage  pool  for  the  hydroelectric  power  station. 


g.  Design  and  Construction  History 

The  dam  was  designed  in  1919  by  Che  J.C.  White  Engineering  Cor¬ 
poration  of  New  York  and  constructed  between  1920  and  1922. 

h.  Normal  Operating  Procedures 

Water  is  discharged  primarily  through  the  power  house.  According 
to  data  provided  by  Central  Hudson  Gas  and  Electric,  the  average 
discharge  is  60  cfs  during  the  summer  and  203  cfs  during  the  winter. 

PERTINENT  DATA 


a. 

Drainage  Area  (square  miles) 

765 

b. 

Discharge  at  Dam 

(cfs) 

Top  of  Dam  (without  t'lashboards) 

14,685 

"  (with  flashboards) 

2,243 

c. 

Elevations 

Top  of  Dam  -  Northwest  Abutment 

• 

174.0 

Top  of  Flashboards 

172.5 

Spillway  Crest 

169.0 

d. 

Reservoir 

Surface 

Area  (acres) 

Top  of  Dam 

300 

Top  of  Flashboards 

300 

Spillway  Crest 

9.6 

e. 

Storage  Capacity 

(acre-feet) 

Top  of  Dam 

965 

Top  of  Flashboards 

515 

Spillway  Crest 

92 

f. 

Dam 

Type:  Concrete  gravity  with  appurtenant 

structures 

Length  (feet) 

Height  Varies  from  3  feet  (Northwest 

End) 

370 

to  38  feet  (Southeast  End) 

3- 

Spillway 

Type:  Uncontrolled,  gravity  structure  with 

ogee  and  non-ogee  sections  and 

3.5  foot 

flashboards. 

Ogee 

Non-Ogee 

Weir  Length  (feet): 

140 

215 

Crest  Elevation: 

169.0 

169.0 

Width  i?  Crest  (feet) : 

— 

1.5 

Upstream  radius 

3.0 

— 

Downstream  radius 

Slopes  (V  :  H) 

33.8 

Upstream 

Vertical  1:1,25 

Downstream 

1:0.64 

1:1 

h.  Reservoir  Drain 
None 


i.  Appurtenant  Structures  -  Hydroelectric  Power  Station 
4  bays  -  each  opening  10  feet  wide 

2  hydromachinery  units  -  Total  capacity  of  2  megawatts 
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SECTION 


2.  I 


2 . 2 


2.3 


2.4 


2j _ ENGINEERING  DATA 


DESIGN 


a.  Geology 

The  Dashville  Dam  Is  located  in  the  Vallkill  Valley  segment  of 
the  Hudson-Mohawk  lowlands  physiographic  province  of  New  York 
State.  The  valley  is  broad  and  covered  with  glacial  drift.  The 
bedrock  in  the  area  was  formed  during  the  Ordovician  era  and  con¬ 
sists  of  interbedded  grevvacke,  siltstone  and  shale.  The  rock 
strata  has  undergone  significant  folding. 

b.  Subsurface  Information 

No  records  of  any  subsurface  investigations  in  the  vicinity  of 
this  dam  were  available.  The  only  information  available  was  the 
data  submitted  with  the  application  to  construct  the  dam.  This 
data  indicates  that  the  foundation  for  the  dam  is  bedrock  which  is 
free  of  objectionable  faults  and  seams. 

c.  Dam  and  Appurtenant  Structures 

The  dam  and  power  house  were  designed  by  the  J.G.  White  Engineering 
Corporation.  Copies  of  several  drawings  from  the  project  have  been 
included  in  Appendix  H. 

CONSTRUCTION  RECORDS 

Construction  plans  and  some  correspondence  from  1919  are  the  only 
construction  records  available.  The  records  ir.Jicate  that  the  dam 
was  constructed  in  1920-1922  under  the  supervision  of  the  J.G.  White 
Engineering  Corporation. 

OPERATING  RECORDS 

There  were  no  operating  or  water  level  records  available  for  this 
structure. 

EVALUATION  OF  DATA 

The  data  presented  in  this  report  was  obtained  from  the  files  of 
the  Department  of  Environmental  Conservation  and  from  the  Central 
Hudson  Gas  and  Electric  Corporation.  The  information  available  ap¬ 
pears  to  be  adequate  and  reliable  for  Phase  1  inspection  purposes. 


-4- 


SECTION  3:  VISUAL  INSPECTION 
3. 1  FINDINGS 

a.  General 

Visual  inspection  of  the  Dashville  Dam  was  conducted  on  November  13, 
1978.  The  weather  was  overcast  with  the  temperature  near  35°  F. 

The  water  surface  at  the  time  of  inspection  was  several  inches 
above  the  crest  of  the  spillway.  Approximately  75  feet  of  flash- 
boards  on  the  northwestern  end  of  the  structure  had  been  opened 
allowing  flow  over  this  part  of  the  dam. 

b.  Dam  -  Spillway 

Inspection  of  the  main  portion  of  the  dam  did  not  reveal  any  major 
deficiencies.  There  were  several  small  areas  of  spalling,  surface 
cracking  and  separation  of  the  gunite  near  the  downstream  roe.  Small 
sections  of  the  gunite  had  been  removed,  exposing  portions  of  the 
steel  reinforcing  mesh.  Near  the  midpoint  of  the  dam,  water  flowing 
along  the  bedrock  foundation  at  the  toe  had  scoured  a  channel  in  the 
concrete.  A  triangular  section  approximately  3  inches  high  and  3 
inches  deep  had  been  removed. 

With  the  exception  of  the  minor  spalling  and  cracking  of  the  gunite, 
the  downstream  face  of  the  dam  appeared  to  be  in  satisfactory  con¬ 
dition.  However,  since  the  face  had  been  treated  with  gunite,  the 
condition  of  the  concrete  could  not  be  observed. 

Water  flowing  over  the  spillway  in  the  area  where  the  flashboards 
were  opened  had  scoured  some  of  the  backfill  from  beneath  the  north¬ 
west  abutment  forming  a  small  void.  The  abutment  is  founded  on  rock, 
so  this  hole  does  not  appear  to  be  serious. 

c.  Appurtenant  Structures  -  Powerhouse 

Concrete  surfaces  on  the  powerhouse  were  spalling  and  deteriorated. 

The  intake  structure  has  been  repaired  several  times  in  the  past  50 
years.  At  the  time  of  the  inspection,  divers  were  repairing  the  trash 
racks. 

The  bedrock  at  the  southeastern  abutment  was  decomposed  and  fractured. 
However,  the  concrete  abutment  appeared  to  extend  far  enough  into 
the  rock  to  provide  an  adequate  cutoff. 

d.  Downstream  Channel 

Water  flowing  over  the  spillway  is  carried  away  from  the  dam  in  the 
natural  channel  of  the  Wallkill  River.  The  channel  is  cut  into  bed¬ 
rock  and  appeared  to  be  capable  of  carrying  all  flows  satisfactorily. 


EVALUATION  OF  OBSERVATIONS 

Visual  observations  did  not  reveal  any  serious  problems  which 
would  affect  the  immediate  safety  of  the  dam.  However,  the  fol¬ 
lowing  minor  deficiencies  were  noted. 

1.  Spalling,  surface  cracking  and  separation  of  the 
gunite  on  portions  of  the  downstream  face  of  the  dam. 

2.  The  small  triangular  section  of  concrete  which  has  been 
scoured  away  at  the  downstream  toe. 

3.  The  minor  void  under  the  northwest  abutment. 

4.  The  spalled  concrete  surfaces  on  the  powerhouse. 


SECTION  4:  OPERATION  AND  MAINTENANCE  PROCEDURES 


4.1  PROCEDURE 

Normal  water  surface  is  at  or  slightly  above  the  spillway  crest. 

Flow  is  diverted  through  the  power  house  for  power  generation. 

4 . 2  MAINTENANCE  OF  DAM 

The  downstream  face  of  the  dam  was  replaced  in  1942  and  1952 

using  a  gunite  process.  Maintenance  of  the  flashboards  occurs 
annually. 

4.3  MAINTENANCE  OF  APPURTENANT  STRUCTURES 

The  racks  and  associated  equipment  on  the  power  house  intake  structure 
have  been  repaired  or  replaced  several  times  in  the  past  fifty  years. 
Other  maintenance  has  been  performed  on  the  power  house  as  necessary. 

4 . 4  WARNING  SYSTEM  IN  EFFECT 

No  apparent  warning  system  is  in  effect. 

4.5  ' EVALUATION 

Operation  and  maintenance  of  the  dam  is  generally  satisfactory; 
however,  additional  effort  should  be  placed  on  maintaining  the  dam, 
to  correct  some  of  the  minor  deficiencies  which  now  exist. 
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SECTION  5:  HYDROLOGIC/HYDRAULIC 


5.1  DRAINAGE  AREA  CHARACTERISTICS 

The  delineation  of  the  contributing  watershed  to  this  dam  is  shown 
on  the  maps  titled  "Drainage  Area  -  Dashville  Dam"  (Appendix  D) . 

With  the  drainage  area  encompassing  some  765  square  miles,  the 
Wallkill  River  main  stem  travels  approximately  89  miles  from  its 
headwaters  near  Lake  Mohawk  in  the  Sparta  Mountains  of  Sussex 
County,  New  Jersey  to  the  Dashville  Dam  site.  Major  tributaries 
to  the  Wallkill  River  which  have  been  gaged  (US  Geological  Survey 
streamgages)  include  Rutgers  Creek,  Pochuck  Creek,  Quaker  Creek, 
and  the  Shawangunk  Kill.  Although  there  are  no  major  lakes  or 
reservoirs  within  the  basin,  an  area  of  some  25  square  miles  near 
Pellets  Island  Mountain  (Middletown,  NY)  significantly  attenuates 
flood  flows  on  the  Wallkill  because  of  its  flat  and  swampy  terrain. 

Much  of  the  entire  basin  lies  within  the  steep  terrain  of  the  Catskill 
Mountain  area,  where  large  population  centers  relative  to  the  size 
of  the  drainage  basin  are  minimal. 

5.2  ANALYSIS  CRITERIA 

A  limited  amount  of  hydrologic/hydraulic  information  was  contained 
in  a  Conservation  Commission  review  of  the  application  for  construction 
(October  23,  1919)  plus  a  memorandum  dated  11/3/1919  summarizing  the 
basic  engineering  data  known  about  the  proposed  dam  site.  This  data 
concerned  itself  with  the  drainage  area  and  the  maximum  flood  of 
record  (Basis  -  10  years  of  record) ,  the  design  spillway  capacity, 
and  the  use  of  flashboards  on  the  spillway  crest. 

A  second  information  source  reviewed  was  a  1973  C.T.  Main  Inc.  report 
(7)  completed  for  the  present  owner.  The  hydrology  and  flood  study 
portion  (Appendix  D)  established  a  value  for  the  standard  project  flood 
(SPF)  for  use  in  determining  if  the  spillway  discharge  capacity  is 
adequate.  A  review  of  a  1978  Phase  1  inspection  report  (5) for  Sturgeon 
Pool  Dam  (I.D.  No.  NY-75),  located  approximately  two  miles  downstream 
of  Dashville  Dam,  established  a  value  for  the  SPF  peak  inflow.  This 
SPF  peak  inflow  can  be  considered  indicative  of  the  routed  SPF  peak 
outflow  from  Dashville  Dam,  allowing  for  the  increased  drainage  area 
at  Sturgeon  Pool  Dam. 

A  report  (4/  prepared  in  1977  by  Water  Resources  Engineers,  Inc.,  for 
the  Corps  of  Engineers  established  values  for  the  SPF  along  certain 
tributaries  of  the  Lower  Hudson  River.  The  methodology  described  in. 
this  report  employed  the  HEC-1  computer  program  in  developing  a  model 
that  correlated  well  with  past  known  major  storm  events,  i.e.,  the 
storms  of  August  17-20,  1955  and  October  14-18,  1955. 

The  analysis  of  the  spillway  capacity  of  this  dam  was  performed  using 
streamflow  gaging  station  records  (Appendix  D)  and  data  contained  in 
the  1977  report  for  the  Corps  of  Engineers.  Using  the  HEC-1  program, 
unit  hydrographs  were  developed  and  routed  through  the  Wallkill  River 
valley  and  over  the  Dashville  spillway.  The  spillway  design  flood 
selected  for  analysis  was  the  Probable  Maximum  Flood  (PMF;  approximately 
twice  the  SPF)  in  accordance  with  the  recommended  guidelines  of  the 
U.S.  Army  Corps  of  Engineers. 


5.3 


SPILLWAY  CAPACITY 

The  concrete  gravity  ogee  and  non-ogee  sections  with  the  flash- 
boards  act  as  the  dam  in  forming  the  reservoir  pool  for  the  hydro¬ 
electric  power  station.  The  ogee  section  is  140  feet  long  and  the 
non-ogee  section,  215  feet  long. 

Discharges  over  the  spillway  were  computed  using  weir  flow  relation¬ 
ships  for  the  representative  water  surface  elevations  analyzed.  The 
flashboards  were  designed  originally,  to  fail  when  the  head  reached 
approximately  10  feet  above  the  spillway  crest.  Hence,  all  of  the 
analyses  performed  assumes  no  flashboards  exist.  Maximum  theoretical 
discharges  through  the  hydroelectric  power  station  existing  machinery 
(2  units  )  was  determined  to  be  2800  cfs. 

The  spillway  does  not  have  sufficient  capacity  for  discharging  the 
peak  outflow  from  one-half  the  PMF.  For  this  storm  event,  the  peak 
inflow  is  68,735  cfs  and  the  peak  outflow  is  68,  735  cfs,  whereas 
the  PMF  peak  discharge  is  147,100  cfs.  The  computed  spillway  capacity 
is  14,  685  cfs. 

5.4  RESERVOIR  CAPACITY 

The  normal  water  surface  is  at  or  slightly  above  the  spillway  crest. 

Storage  capacity  for  that  water  surface  elevation  is  92  acre-feet 
and  is  obtained  within  2378  feet  upstream  of  the  dam.  Little  flood 
flow  attenuation  is  achieved  in  the  shallow-depth  reservoir.  With 

3.5  foot  high  flashboards  in  place,  the  storage  capacity  increases 
to  515  acre-feet  with  the  reservoir  extending  some  9  river  miles 
upstream  toward  New  Paltz.  At  the  top-of-dam  elevation  (top  of  the 
North  abutment),  the  storage  is  965  acre-feet. 

5.5  FLOODS  OF  RECORD 

The  maximum  known  discharge  on  the  Wallkill  River  was  recorded  upstream 
at  Gardiner,  NY  (DA  of  711  sq.  miles)  on  October  16,  1955  when  a  gaged 
flow  of  30,800  cfs  was  measured. 

5.6  OVERTOPPING  POTENTIAL 

Analysis  indicates  the  spillway  does  not  have  sufficient  discharge 
capacity  for  either  the  PMF  or  one-half  the  PMF.  The  computed  depths 
of  overtopping  are  17.79  feet  and  8.79  feet  respectively.  All  storms 
exceeding  approximately  10%  of  the  PMF  would  result  in  overtopping  of 
the  dam,  i.e.  above  the  elevation  of  the  top  of  the  North  abutment. 

5. 7  EVALUATION 

The  spillway  capacity  is  inadequate  for  the  peak  outflow  from  one-half 
the  PMF.  Because  of  the  relatively  insignificant  storage  capacity 
available  during  these  large  storm  events,  both  failure  and  non-failure 
discharges  routed  over  the  spillway  attain  similar  water  surface  elevat¬ 
ions  in  the  downstream  areas.  Also,  for  such  large  storm  events,  high 
water  created  by  the  Sturgeon  Pool  Dam  reservoir  would  most  likely  occur 
in  the  downstream  areas.  Therefore,  the  spillway  capacity  is  considered 
to  be  inadequate  since  dam  failure  from  overtopping  would  not  significantly 
increase  the  hazard  to  loss  of  life  downstream  from  that  which  would  exist 
just  before  overtopping  failure. 
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SECTION  6:  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations 

Visual  observations  of  the  dam  did  not  reveal  any  signs  of  major 
distress.  Minor  spalling  and  surface  cracking  was  noted  in  several 
spots  and  water  flowing  along  the  downstream  toe  of  the  dam  had 
scoured  a  triangular  area  in  the  concrete  approximately  3  inches  high 
and  3  inches  deep.  However,  these  deficiencies  were  not  serious  enough 
to  affect  the  stability  of  the  structure. 

b.  Design  and  Construction  Data 

No  design  computations  were  available  concerning  the  structural  stability 
of  this  dam.  A  stability  analysis  for  this  structure  was  performed  in 
1973  by  Chas.  T.  Main  of  New  York.  The  only  construction  records 
available  were  plans  for  the  structure  prepared  by  the  J.G.  White 
Engineering  Corporation. 

c.  Data  Review  and  Stability  Evaluation 

Structural  and  subsurface  information  was  obtained  from  the  1919  con¬ 
struction  plans  prepared  by  the  J.G.  White  Engineering  Corporation  and 
from  the  stability  analysis  which  had  been  performed  by  Chas.  T.  Main. 

A  structural  stability  analysis  was  performed  for  this  report  since  the 
Main  study  did  not  analyze  several  of  the  conditions  which  are  required 
(ice  loading,  1/2  PMF,  PMF).  The  analysis  was  performed  based  on  the 
cross  sections  of  the  dam  shown  on  the  plans.  Analys®  were  made  of  both 
the  high  section  on  the  southeastern  end  of  the  dam  and  the  low  section 
on  the  northwestern  end.  Conditions  analyzed  were: 

1)  Normal  conditions  with  Che  water  level  at  the  spillway 
crest  elevation. 

2)  Conditions  as  in  1),  plus  a  5000  lb/ft  ice  load. 

3)  Water  level  at  the  elevation  of  one-half  PMF;  a  flow  depth 
of  13.8  feet  over  the  spillway  crest. 

4)  Water  level  at  the  elevation  of  the  PMF;  a  flow  depth  of 
22.8  feet  over  the  spillway  crest. 

The  analyses  were  performed  assuming  full  uplift  at  the  upstream  toe 
decreasing  to  a  value  equal  to  the  hydrostatic  pressure  due  to  tailwater 
at  the  downstream  toe. 

The  analyses  performed  (Appendix  E)  indicate  that  the  factors  of 
safety  against  overturning  and  sliding  for  the  high  section  on  the  south¬ 
eastern  end  of  the  dam  are  as  follows: 


FACTORS  OF  SAFETY 

Case  -  (For  38  ft.  high  section)  Overturning  Sliding 


1) 

Normal  Conditions 

1.47 

15.88 

2) 

Ice  load  plus  1) 

1.36 

14.68 

3) 

One-half  PMF  -  Flow  13.8  feet 
over  spillway 

1.06 

10.31 

4) 

PMF  -  Flow  22.8  feet  over  spillway 

0.93 

8.40 

The  factors  of  safety  against  overturning  and  sliding  for  the  low 
section  on  the  northwestern  end  of  the  dam  are  as  follows: 


FACTORS  OF 

SAFETY 

Case  -  (For  5  ft.  high  section) 

Overturning 

Sliding 

1)  Normal  Conditions 

1.72 

266 

2)  Ice  load  plus  1) 

0.78 

46 

3)  One-half  PMF  -  Flow  13.8  feet 

1.13 

52 

over  spillway 

4)  PMF  -  Flow  22.3  feet  over  spillway 

0.93 

34 

The  stability  analyses  indicate  a  serious  deficiency  in  the  safety  factors 
against  overturning  for  both  the  high  and  low  sections  of  the  dam.  The 
resultant  force  fell  outside  the  middle  third  of  the  base  for  each  of 
the  conditions  studied.  In  several  cases,  the  resultant  force  acted  out¬ 
side  the  limits  of  the  base. 

The  analysis  which  was  performed  for  the  structure  under  normal  conditions 
agrees  reasonablv  well  with  the  Chas.  T.  Main  analysis.  The  other  analyses 
were  performed  for  more  critical  conditions  than  those  which  were  assumed 
in  the  Main  study  and  as  a  result,  the  safety  factors  are  substantially 
less  than  those  listed  in  the  Main  report. 


,d.  Post  Construction  Changes 

The  downstream  face  of  the  dam  was  replaced  in  1942  and  1952  using  a  gunite 
process.  This  has  been  the  only  major  post  construction  change. 


e.  Seismic  Stability 

This  dam  is  located  in  Seismic  Zone  1.  Therefore,  since  the  seismic  coefficient 
is  relatively  small,  a  seismic  stability  analysis  is  not  warranted. 


SECTION  7:  ASSESSMENT/RECOMMENDATIONS 


7.1  ASSESSMENT 


a.  Safety 

The  Phase  1  inspection  of  Dashville  Dam  did  not  reveal  conditions 
which  constitute  an  immediate  hazard  to  human  life  or  property. 

The  structure  is  not  considered  to  be  unsafe. 

The  spillway,  although  not  having  sufficient  discharge  capacity  for 
passing  one-half  the  PMF,  is  considered  to  be  inadequate.  A  warning 
system  should  be  developed  and  placed  in  readiness  for  future  use 
during  the  occurrence  of  large  storm  events. 

b.  Adequacy  of  Information 

The  information  available  appears  to  be  adequate  for  the  purpose  of 
the  Phase  1  inspection  except  for  the  following: 

1)  The  physical  condition  of  the  mass  concrete  beneath 
the  gunited  downstream  surface  of  the  spillway. 

c.  Urgency 

All  of  the  deficiencies  observed  during  the  visual  inspection  can  be 
corrected  during  normal,  continued  maintenance  operations. 

d.  Necessity  for  Additional  Investigations 

Because  of  the  results  of  the  Phase  1  structural  stability  analyses 
obtained  for  the  dam,  a  more  detailed  structural  stability  analysis 
is  recommended. 

7.2  RECOMMENDED  MEASURES 


a)  As  a  result  of  the  detailed  structural  stability  analysis  to  be 
completed  within  one  year  of  the  date  of  this  report,  remedial 
measures  deemed  necessary  should  be  completed  within  two  years 
of  the  date  of  this  report. 

b)  Ascertain  the  physical  condition  and  integrity  of  the  mass 
concrete  in  the  spillway  beneath  the  gunited  surfaces,  prefer¬ 
ably  through  a  coring  program. 

c)  Correct  the  minor  deficiencies  occurring  on  the  concrete 
surfaces. 

d)  Develop  and  implement  a  warning  system. 
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APPENDIX  B 

ENGINEERING  DATA  CHECKLIST 


Chock  List 
Engineering  Data 
Design  Construction  Operation 


VISUAL  INSPECTION  CHECKLIST 


1)  Basic  Data 

a.  General 

Name -of  Dam  Das/H'ILL6  Q/w _ 

1.0.  #  MY  76  (7S1  LW) _ 

Location:  Town  £  S  o  PQ  S _ County  Uc  sTe 

Stream  Name  _ 

Tributary  of  £cw/y  ft  OUT  _ 

Longitude  (W),  Latitude  (N)ln/7  °  3.^  A/ 

Hazard  Category  \G,M l j=>CAiay _ 

Date(s)  of  Inspection  1 1/11/7* _ 

Weather  Conditions  35°  -Q  C/4  S  T _ 

b.  Inspection  Personnel  Uj,  LYak  c.<y _ Q  hjj  g/g  ^ 

c.  Persons  Contacted  Do*j4i.Q  QT/s  t  Q< Of  &gfAC<LS 


d.  History: 

i)ate  Constructed  H  ~  f  ^  £  £- _ 

Owner  Kj&sq.vj  Gas  ^  £iLfcTft)C 

Designer  T.  6  C>J*'  V 6  '-V<£  frft'.Uo  Co 

Constructed  by  _  _ _ 

2)  Technical  Data 

Type  of  Dam  CpA/Cfr£T*5  GftAwr1/  <3<3<f<£  ^gc7' 

Drainage  Area  l(oS  SQ  Mit-Ee _  _ 

Height  _ 3  ^ _  Length  3  $Q _ 

Upstream  Slope  YAtt>E.g>  Downstream  Slope  VAfi-lES 


illway(s)  (includinn  tail  race  channel) 


a.  General  „ - - 

CROSS  ^  13  OT  0  i\i£  ^  £TC-T i  OA/  ^ 


o'  CJ/ 


I  H£.  Po  Cu 


Principle  Spillway  ?SaN\  UJ/T/y  P<LASiV&oA/ 

T  ^AiS  p<=  C.T  I  OM  A  PP  "FEcy 


Of  /KftoA^cs s  'o  4^4.oio  £L*o  Tc 


Pass  ThrooCU 


Emergency  or  Auxiliary  Spillway 


Condition  of  Til  1 '  i  uul  channel  Natoaac  ggflftoC  fr  ^  HAMHi*  C 


S  /AT/  <FPC.T^«. 


Stability  of  Channel  side/slopes 


1 


9)  Structural 


a.  Concrete  Surfaces  Ar  CQRkI£Z  Qp  P0w£g.  /Vo u<£  4  6gs£ 

BoTXfs^  Lja i-.(- _ 

- -  * _ SuftpdCcS  ^Tc^a5  Pop  E*r/R.e  W&r6#T  QF  ISa/V^ 


b.  Structural  Cracking  IV/qau£  /^PAA/P^a/ 7- _ 

- £u*r*ce  Qga c.*,*6  uJ«£t£  tyesA  /3  C«.a»g  Tc  Su*?ac£ 


c.  Movement  -  Horizontal  &  Vertical  Alignment  (Settlement)  M*i/e*\£A/T 

E.  W/  AfAiT _ 


d.  Junctions  with  Abutments  or  Embankments  S~o  U  7^  CO  £  ■$  7  £.aiA-  Qk'A'Y 

A/oATtfg^sr  M/Afoft  Oa Ar  Cp<=ST  o<= 

/?60T/v\^A/r  UJ^4^.  Co  a/  r^cr  Ul/v^rgg  ^ur^fAiri  ^s~ts  o,y 
A/>atoA44  Q- _ __ _ 

e.  Drains  -  Foundation,  Joint,  Face  N(0  v,g- _ 


f.  Water  passages,  conduits,  sluices  A/q^£ 


g.  Seepage  or  Leakage  /W/&6C£  -  UJ/V^g  CjlM  rf  ft  PcouJC 

GgA/g/qr/v  7VggoA/trg-  (r  fy,  rs 
fawtlSTte/IM  To£-^QC<r  /V  'TEUF/IC^ _ 

_ ^  /g’A/VgOldfe  ^CT((J-V  0^  Ca,y  Cg£T£  3  *  x  3"  /V/4£ 

Rf/*cwgk  /*V<&  -  &a*i  -S~/</duj,v  /<v  S><rrc<y  flfdozU 


3V  <1T/  OAy 

.  <^>vcA!£yf 

5 


£oc<r 


fc'T'pfcovcfcre 


h.  Joints  -  Construction,  etc.  0  If 4 V 


I.  Foundation  c  lr  -  G  C><afc> 


j.  Abutments  foeTffei  GkAT/Kl  G  Roc>C _ 

k.  Control  Gates  Oaj^-V*  Gw  Tg'.S  gA(  Poup  £T/^  H &  O 


1.  Approach  6  Outlet  Channels  ^  j<>q  ^ 


m.  Energy  Dissipators  (plunge  pool,  etc.)  -  AJ^a;£  ~  ^A'ruR.AtL  @>Eb&QCk' 

_ £iV4MK\trC- _ _ _ _ _ 

n.  Intake  Structures  figz/Vg  C>A/ _ 

.  //*use  /fr  of 

CoK/srftucTt^/j _ _ _ 


o.  Stability  flp?,£flgs  To  <3<£  SVyq  &L£ 


p.  Miscellaneous 
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APPENDIX  D 


HYDROLOGIC/HYDRAULIC 
ENGINEERING  DATA  AND  COMP UT AT I ONS 


CHECK  LIST  FOR  DAMS 
HYDROLOCIC  AND  HYDRAULIC 
ENGINEERING  DATA 


DASHN/ILLE 

DAn\  1 


AREA -CAPACITY  DATA : 


E leva t ion 


-  ^ 

(ft.) 

1) 

Top  of  Dam/KloBT^  174.0 

2) 

Design  High  Water 
(Max.  Design  Pool) 

WA, 

3) 

Auxiliary  Spillway 
Crest 

MA 

4) 

Pool  Level  with 
Flashboards 

173.5 

5) 

Service  Spillway 

Crest 

Up5 

Surface  Area 
(acres) 


300 


300 

9.(o 


Storage  Capacity 
(acre-tt . ) 


9Q 


1) 

2) 

3) 

4) 

5) 

6) 
7) 
6) 


DISCHARGES 


PERIOD  v  6UMHER 

Average  Daily  (_  1346  ~  ISOly  uMujER 

Spillway  @  Maximum  High  Water  (tUfcvL  m  .o') 

Spillway  @  Design  High  Water 

Spillway  (3  Auxiliary  Spillway  Crest  Elevation 

Low  Level  Outlet 

Total  (of  all  facilities)  @  Maximum  High  Water 


Volume 
(cfs) 
(oO 
-  303 


ttpQQ 

.  *4A _ 

_ 


Maximum  Known  Flood 

HYDROELECTRIC  MACHINERY  L!HCp) 


?o,&oo  , , 

3 bOO  -(THECAEpCAl.  M Ax!) 


EMERGENCY 


_  Elevation 

£ _  Type 

_  Width 

Type  of  Control 
_  Uncontrol  1 ed 
Control  led: 


£»  Type 

(F lashboards ; 


Number 

■■/Length 


Invert  Material 


Anticipated  Length 
-of  operating  service 

_  Chute  Length  _ 


Height  Retween  Spillway  Crest 
&_Approach  Channel  Invert 
(Weir  Flow) 


3 


OUTLET  STRUCTURES/EMERGENCY  DRAWDOWN  FACILITIES: 

Type:  Gate  _  Sluice  _  Conduit  _  Penstock 

ShaPe  :  - _ r  QULS{  THRU  &RPMACH iME&y  _ 

Size:  _ _ _ • _ '  _ '  - 

Elevations:  Entrance  Invert  153. Q _ _ 

Exit  Invert  _ _ _ 

Tailrace  Channel:  Elevation  /TailiJ ATSR)  138.0 _ 


HYDROMETEROLOGICAL  GAGES: 

Type  :  _ uXlEft-6»-[*C,E.  RECokDEC. 

Location:  GAftPiMFIl  t  m  V _ 

Records: 


oeo,s 
*  3715 
1(0 

AAiiLe^x) 


Date  "  1 33  A'  ID  PRF-3SJJ _ 

Max.  Reading  -  3Q;  ?OQ  c^&  op  OCT-  <G?;  1 955 


FLOOD  WATER  CONTROL  SYSTEM: 
Warning  System:  l]Qk1E 


Method  of  Controlled  Releases  (mechanisms): 


GA-17  *4/70) 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


CHECKED  0V 


.-t-iAAMlttE.: 


p4s>ki'/l.U.£ 


t.AtLk  « 


iMOAli 


DATE 


COMPUTED  8V 

(JCL 


DATE 

5/i5  ~3 


PROJECT  GRID 


Sheet  no, 


Ai*»c_A 


-  gfclQu)  UScyp  ^AC£  -g  o  Ag.5 


SUBJECT 

DC  A 


GA-17  1 4/  70| 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


GA-17  14/70) 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


GA-17  (4/701 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


GA-U  [1/10) 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


GA-17  (4/70) 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


Dashville  Dam  NY- 76 


Dam  Breaching  -  Downstream  Flood  Wave  Analysis 


HEC-1  DB  requires  the  breached  section  to  not  be  located  at 
an  overflow  section.  At  this  site,  the  entire  dam  is  an  over¬ 
flow  section. 


Initial  analysts  using  suggested  breach  parameters  resulted  in 
large  errors  between  the  computed  and  interpolated  breach  hydro¬ 
graphs. 


Because  of  the  extremely  short  time  intervals  used  in  the  breach 
hvdrograph  generation  and  the  relatively  long  storm  unit  hvdrograph 
time  interval,  the  TFA1L  variable  selected  exceeded  the  upper  limit 
of  the  suggested  parameter  for  a  concrete  gravity  dam  failure  time 
of  0.5  hours. 


Since  both  Q  (spillway)  and  Q  (breach)  are  assumed  to  occur  inde¬ 
pendently  at  the  site  in  HEC-1  DB  analysis,  the  BRWID  value  was 
selected  on  the  smaller  side  to  minimize  duplication  of  the  discharges 


THIS  PROGRAM  IS  CURKEH1 LY  3EING  MODIFIED 
TO  RUN  CM  The  QoS  HONEYWELL  SYSTEM 


■ 
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PEAK  PLOW  ANO  STORAGE  (ENP  QP  PERIOD)  SUMMARY  FQRMULTIPLE  PLAN-RATIO  ECONOMIC  COMPUTATIONS 
FLOWS  IN  CUBIC  FEET  PE*  SECOND  (CUBIC  METERS  PER  SECOND) 

AREA  IN  SQUARE  MILES  (SQUARE  KILOMETERS) 


SUMMARY  OF  DAM  SAFETY  ANALYSIS 


SUMMARY  nf  DAM  SAFETY  analysis 


W ALLKILL  RIVER/SPILLWAY  FLOODS 


Results  of  previous  analyses: 

1)  Original  Design  (1919):  10  feet  of  overtopping  @  50,000  cfs 

2)  C.T.  Main  report  (1973):  SPF  inflow  -  62,000  cfs 

SPF  routed  outflow  -  38,000  cfs 

Unit  hvdrograph  derived  from  a  September,  1960  storm 

3)  Corps  of  Engineers  report  (1977): 

(computer  simulation  @  New  Paltz)  SPF  -  79948  cfs 
Comparison  of,  known  recorded  floods,  vs.  ,simulated  floods,: 


@  Gardiner: 

August  1955 

30,300 

cfs 

30,255 

cfs 

October  1955 

30,800 

cfs 

30,620 

cfs 

4)  Phase  I  inspection  report  (1978)  for  Sturgeon  Pool  Dam: 


SPF  inflow  -  85,800  cfs 
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&CT-3 r H J  ’"Large  diurnal  fluctuation  during  low  and  medtum  flow  caused  by  oowcrplant  above 
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120.  VallklU  Fiver  at  Net  faltt,  K.  Y. 

Location.  ~~Lat  41*4<'«*C",  long  ?4*0S*25",  on  downstream  aide  of  highway  bridge  In  Nea 
Faltl,  Ulster  County. 

Dralnar-  arejt  ~~"3?  sq  ml  (retisedj. 

Car.e .  “Chain  gage.  Altitude  of  gage  Is  180  ft  (from  topographic  map). 


The  year 


t  Corrected. 

•  Not  pt-evloualy  published!  partly  eatlaiated  on  basis  of  corrected  gage  readings 
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monthly  and  yearly  runoff.  In  Incfwa,  of  Wallklll  Nlver  at  Oerdtner.  N  T  --Continued 


•  a.  sex  ret 


•  s.soe  m«r. 

17.  tcv  :»rt 

1 1  .400  Nov  . 


I 


3  f-~  JIN 
:  lili  it  fin#  Bu,h,  ».  r. 

. rl'f'  *  ®r  bank  50  ft  Obwrstreas  fro# 

_ : '  . '  b.-th,  Orange  County,  ii  allea  boon* 

*****  *iov#  mouth  at  Ganangote. 

m*2*?  1932.  June  1957  to  September  1960. 

■J^lS  M  dii™,1Md  (fr0°  M»). 

lie  cfl , 

•-^•.—*2 .ff;  Se!,t-  *•  1827  <*»?«  height , 

~  ■  ’  : V2!'  Jt£inl  curv4  axtended  arove  2,300  cfs 

?*}  *stlma:td  discharge  In 

#.:.“  *;;eeJ  measurements  on  3r.awa.-.gu.-.k  Kill  at 
In  1955  based  or.  a  flood^ark  at 
-- *  ■lnlnuiB.  2.3  cfs  July  21,  22,  1957; 

~*liT*Arl  !#l^e  of  tbout  12-5  ft.  fro-  fiood- 
Gar.ahgote  for  each  flood).  Plood 

^•;'tohl™i:‘,o4“rla  (dl,cr.»rg, .  7.20c 
•  Isa  above  station. 

euble  feet  per  second 


***■•  |  tu7 


HUDSON  RIVER  BASIN 


3715.  Vallkill  River  at  Oardlner.  N.  Y. 


Location.  —Lat  41*41'10" ,  long  7<*09,55'',  or.  left  bank  400  ft  upstream  from  highway  bridge, 
5v*  ft  downstream  fro®  Shawa ngunk  Kill,  and  three-quarters  of  a  mile  northwest  of 
Gardiner,  Ulster  County. 

£t2iOM«.--7U  »q  #1. 

Records  available  .—September  1924  to  September  1960. 

Cage .--Water-stage  recorder.  Datum  of  gage  Is  165.70  ft  above  mean  tea  level,  adjustment 
of  1912. 

Average  discharge .—36  years  (1924  -  60),  1,074  cfs. 

Extremes .  —  1924  -60.  Kaxlmum  discharge,  3C.800  cfs  Oct.  16,  1955  (gag*  height,  19.81  ft}; 
minimum,  19  cfs  Aug.  9,  1955;  minimus  gage  height.  1.63  ft  Aug.  2t>,  1957. 

Remarks  .—Large  diurnal  fluctuations  during  low  and  medium  flow  caused  by  hydroelectric 
plant  above  station  Records  cf  chemical  analyses  and  water  temperatures  for  the 
period  October  1957  to  September  1956  are  published  lr.  report  of  the  Geological  Survey. 
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HYDROLOGY  &.  FLOOD  STUDY 

Tlie  Dasliville  Hydro  Generating  Plant,  located  on  the  Wallkill  River,  commands  an  area  of 
about  789  square  miles  and  has  been  subject  to  many  flood  situations. 

The  closest  U.S.  stream  gaging  station  is  at  Gardiner  and  commands  an  area  of  71 1  square 
miles  and  has  a  period  of  record  extending  from  1924.  A  return  period  analysis  of  the 
annual  peak  flows  was  made  and  the  results  of  this  analysis  are  presented  in  Table  1. 


TABLE  I 

FLOOD  FREQUENCY 

Return  Period  -  Years  Annual  Peaks  -  cfs 
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9.100 

14.300 
18.000 
31.800 
27.000 

31.300 
41,900 
47,200 


The  flood  of  September  I960  was  analyzed  and  adopted  for  use  in  the  derivation  of  a  unit 
hydrograph  for  the  Wallkill  River  at  the  Gardiner  gaging  site.  To  this  unit  hvdrograph  were 
applied  the  appropriate  12-hour  rainfall  excess  values  for  the  Probable  Maximum 
Precipitation  (PMP),  as  taken  from  the  Joint  U.S.  Weather  Bureau  -  Corps  of  Engineers 
Hydrometeorological  Report  No.  33,  and  corrected  for  infiltration  losses  to  obtain  a 
Probable  Maximum  Flood  (PMF1  at  Gardiner. 


A  comparison  of  several  major  flood  peaks  showed  a  significant  reduction  in  these  peaks 
from  the  Gardiner  gage  to  the  Dasliville  Project.  This  observation  led  to  the  conclusion  that 
valley  storage,  a  very  common  phenomenon  in  norther))'  or  northeasterly  flowing  streams  in 
this  area,  was  tile  cause  for  this  reduction  and  so  it  was  investigated  further.  Profiles  of  the 
1955  storms  showed  that  this  storage  probably  occurred  upstream  of  Perrines'  Bridge  and 


the  U.S.C.  &  G.S.  maps  confirmed  this  hypothesis.  The  hydrograph  comparison  between 
Gardiner  and  the  project  for  the  two  floods  of  1955  served  to  establish  the  intervening 
valley  storage  quantitatively  so  that  a  storage  curve  was  derived. 


'] 

*] 

3 

3 


It  is  current  practice  to  reduce  the  Probable  Maximum  Flood  by  40  percent  to  50  percent  to 
give  a  Standard  Project  Flood  (SPF)  for  use  in  assessing  spillway  adequacy. 

Therefore,  the  PMF  discharge  ordinates  were  reduced  40  percent  to  obtain  the  SPF  inflow 
hydrographs  which  were  in  turn  increased  by  a  factor  of  1 .1  to  compensate  for  the  increase 
in  drainage  area  between  the  Gardiner  gage  and  assumed  point  of  valley  storage.  This  SPF 
hydrograph  was  routed  through  the  valley  storage  and  over  the  Dashville  Project  spillway. 


The  peak  SPF  inflow  into  the  natural  storage  was  62.000  cfs  which  was  reduced  by  this 
storage  to  a  peak  outflow  of  38.000  cfs.  This  outflow  hydrograph  was  then  routed  over  the 
project  spillway  with  a  peak  discharge  of  38,000  cfs  and  a  maximum  headwater  surface 
elevation  of  179.0  and  a  maximum  tailwater  elevation  of  142.0.  Predicated  upon  the 
foregoing  data,  the  SPF  has  a  theoretical  return  period  as  an  annual  flood  of  about  500 
years. 
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INPl'T  TO  STABILITY  ANALYSIS  PROGRAM 


INPUT  ENTRY 


PROGRAM  No. 


Unit  Weight  of  Dam  (K/ft^)  0 

Area  of  Segment  No.  1  (ft^)  1 

Distance  from  Center  of  Gravity  2 

of  Segment  No.  1  to  Downstream 
Toe  (ft) 

Area  of  Segment  No.  2  (ft2)  3 

Distance  from  Center  of  Gravity  4 

of  Segment  No.  2  to  Downstream 
Toe  (ft) 

Area  of  Segment  No.  3  (ft^)  5 

Distance  from  Center  of  Gravity  6 

of  Segment  No.  3  to  Downstream 
Tow  (ft) 

Base  Width  of  Dam  (Total)  (ft)  7 

Height  of  Dam  (ft)  8 

Ice  Loading  (K/L  ft.)  9 

Coefficient  of  Sliding  10 

Unit  Weight  of  Soil  (K/ft^)  11 

Active  Soil  Coefficient  -  Ka  12 

Passive  Soil  Coefficient  -  Kp  13 

Height  of  Water  over  14 

Top  of  Dam  or  Spillway  (ft) 

Height  of  Soil  for  Active  Pressure  (ft)  15 

Height  of  Soil  for  Passive  Pressure  (ft)  16 

Height  of  Water  in  Tailrace  Channel  (ft)  17 

Weight  of  Water  (K/ft^)  18 

Area  of  Segment  No.  4  (ft*)  19 

Distance  from  Center  of  Gravity  of 

Segment  No.  4  to  Downstream  Toe  (ft)  20 

Height  of  Ice  Load  or  Active  Water  (ft)  46 
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STRUCTURAL  STABILITY  ANALYSIS 


A  structural  stability  analysis  of  all  water  retaining  structures  in  their  final  altered  condition 
was  performed  to  verify  that  the  structures  would  be  stable  under  the  assumed  loadings  as 
presented  in  Table  11.  The  results  of  the  analysis,  as  presented  in  Tabic  IV,  indicate  that  the 
structures  are  stable  under  the  loadings  as  assumed.  Tables  II  and  111  list  the  loading  cases 
checked  and  values  and  assumptions  used  in  the  above  analysis. 

The  safety  factors  of  the  structures  were  checked  with  respect  to  overturning  and  sliding  at 
their  bases,  and  computations  were  made  to  check  the  foundation  pressures  at  this 
elevation. 


The  safety  factor  with  respect  to  overturning  is  the  ratio  of  the  forces  (the  weight  of 
structure)  times  their  lever  arms  (moments)  tending  to  prevent  the  structure  from  tipping  to 
the  forces  (moments)  tending  to  tip  the  structure  (the  water  pressure  exerted  on  the 
upstream  face  and  beneath  the  structure).  Any  safety  factor  that  is  equal  to  1 .0  would 
theoretically  indicate  that  the  structure  is  stable,  with  any  lesser  value  placing  it  at  the  verge 
of  being  unstable.  By  refering  to  Table  IV,  under  the  column  headed  £  Mr/ 2  Mo,  for  all 
cases  considered,  the  structures  are  stable  with  respect  to  overturning. 
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Tlie  safety  factor  with  respect  to  sliding  including  shear-friction  resistance  is  the  ratio  of  the 
forces  tending  to  resist  sliding;  namely,  the  frictional  resistance  due  to  the  net  weight  of  the 
structure  sliding  along  its  base  and  the  resistance  due  to  the  shearing  strength  developed 
between  the  structure  and  its  rock  foundation,  and  the  forces  tending  to  promote  sliding; 
namely,  the  water  pressure  at  the  upstream  face.  It  is  normally  accepted  that  this  ratio  be  as 
a  minimum  5.0.  By  refering  to  Table  IV,  under  the  column  headed  Ss_f  for  all  cases 
considered,  the  structures  are  stable  with  respect  to  sliding. 

During  the  last  field  inspection  it  was  noted  that  silt  had  accumulated  to  within  1-1/2  feet 
from  the  top  of  the  flashboards  at  the  left  abutment  and  was  impeding  their  removal.  It  was 
decided  that  the  additional  pressure  resulting  from  the  silt  should  be  incorporated  into  the 
stability  analysis  to  reflect  this  observed  condition. 


TABLE  II 
CASES  USED 
STABILITY  ANALYSIS 


Case  1  Normal  Levels  (proposed! 

H.W.L.  =  170.0  T.W.L.  =  133.75 
Uplift  Included 

Case  II  Standard  Project  Flood  Water  Levels 

H.W.L.  =  179.0  T.W.L.  =  142.0 
Uplift  Included 
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Nomenclature 

TABLE  III 

VALUES  AND  ASSUMPTIONS 

STABILITY  ANALYSIS 

CONCRETE  SECTIONS 

2  H 

= 

Summation  of  Horizontal  Forces 

2  V 

= 

Summation  of  Vertical  Forces 

2  Mr 

= 

Summation  of  Resisting  Moments 

2  M0 

= 

Summation  of  Overturning  Moments 

2  M0 

= 

Factor  of  Safety  Against  Overturning 

2  H 

2  V 

= 

Coefficient  of  Sliding 

2.  Unit  weight  of  concrete  -  1 50  Ibs/cu.  ft. 

3.  Unit  weight  of  water  -  62.4  lbs/cu.  ft. 

4.  Silt  pressure:  The  horizontal  silt  pressure  was  assumed  to  be  equal  to  14(h$)"  lbs. 
where  hs  =  height  of  silt.  Unit  weight  of  silt  -90  lbs/cu.  ft. 

5.  Uplift  Pressure:  The  pressure  was  assumed  to  vary  linearly  from  full  headwater  pressure 
at  the  upstream  side  to  full  tailwater  pressure  at  the  downstream  side  taken  over  100% 
of  the  base  area. 

6.  Sliding  (Shear  Included)  For  a  discussion  and  explanation  of  terms,  see  Hydroelectric 
Handbook  by  Creager  and  Justin,  John  Wiley  &  Sons,  Inc.,  Second  Edition  -  Page  341. 

S  r  f  2  V  +  r  Sa  A 
s'f  =  2  H 

Where: 

C 

s-f  =  Shear  Friction  Factor  of  Safety 
f  =  0.75;  r=0.5;  Sa=380  psi;  A=Area  of  base 
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Reclamation  and  Soil  Conservation  Service.  Many  other  agencies,  educa¬ 
tional  facilities  and  private  consultants  can  also  provide  expert  advice. 
Regardless  of  where  such  expertise  is  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated. 

4.3.4.  Freeboard  Allowances ■  Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator  will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require¬ 
ment.  Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary  to  provide  a  safe  condition.  Parameters  that  should  be 
considered  include  the  duration  of  high  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  from  a  critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves. 

4.4.  Stability  Investigations.  The  Phase  II  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 

6oil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  bedrock 
including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 

and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements ,  strains,  suspected  excessive  internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  such  as  limestone,  gypsum, 
salt,  basalt,  claystone,  shales  or  others  are  involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A  concrete  core  drilling  program 
should  be  undertaken  only  when  the  existence  of  significant  structural 
cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2,  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 
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information.  Geologic  information  that  should  be  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre¬ 
tation;  maximum  past  overburden  at  site  as  deduced  from  geologic  evidence 
bedding,  folding  and  faulting;  joints  and  joint  systems;  weathering; 
slickensides ,  and  field  evidence  relating  to  slides,  faults,  movements 
and  earthquake  activity.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  joints,  slickensides  or  fissured  material, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  may  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

The  results  of  stability  analyses  afford  a  means  of  evaluating  the 
structure's  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications.  Results  of  stability  analyses  should  be  reviewed 
for  c.ompatibility  with  performance  experience  when  possible. 

4.4. 2.1.  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven¬ 
tional  equivalent  static  force  method  of  analysis  should  be  obtained  bv 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be .applied 
as  a  horizontal  for c_e  at  the  cen ter  of  gravity  of  the  section  or  element . 
The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1  through  4.  Seismic  stability  investigations  for  all  high 
hazard  category  dams  located  in  Seismic  Zone  4  and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3  should  include  suitable  dynamic  pro¬ 
cedures  and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  they  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  involving  seismological  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
analyses  may  be  based  upon  either  time-history  or  response  spectra  tech¬ 
niques.  The  results  of  dynamic  analyses  should  be  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  most  adverse 
earthquake  which  might  occur  near  the  project  location. 

4. 4. 2. 2.  Clav  Shale  Foundation.  Clay  shale  is  a  highly  overconsolidated 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales  require  special  measures 
in  stability  investigations.  Clay  shales,  particularly  those  containing 
montmoril Ionite,  may  be  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clay  shales  may  be  quite  low  and  high  pore  water  pres¬ 
sures  may  develop  under  increase  in  load.  The  presence  of  slickensides 
in  clay  shales  is  usually  an  indication  of  low  shear  stength.  Prediction 
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of  field  behavior  of  clay  shales  should  not  be  based  solely  on  results  of 
conventional  laboratory  tests  since  they  may  be  misleading.  The  use  of 
peak  shear  strengths  for  clay  shales  in  stability  analyses  may  be  uncon¬ 
servative  because  of  nonuniform  stress  distribution  and  possible  progres¬ 
sive  failures.  Thus  the  available  shear  resistance  may  be  less  than  if 
the  peak  shear  strength  were  mobilized  simultaneously  along  the  entire 
failure  surface.  In  such  cases,  either  greater  safety  factors  or  residual 
shear  strength  should  be  used. 

A . 4 . 3 .  Embankment  Dams . 


4. A. 3.1.  Liquefaction.  The  phenomenon  of  liquefaction  of  loose, 
saturated  sands  and  silts  may  occur  when  such  materials  are  subjected 
to  shear  deformation  or  earthquake  shocks.  The  possibility  of  lique¬ 
faction  must  presently  be  evaluated  on  the  basis  of  empirical  knowledge 
Supplemented  by  special  laboratory  tests  and  engineering  judgment.  The 
possibility  of  liquefaction  in  sands  diminishes  as  the  relative  density 
increases  above  approximately  70  percent.  Hydraulic  fill  dams  in 
Seismic  Zones  3  and  4  should  receive  particular  attention  since  such 
dams  are  susceptible  to  liquefaction  under  earthquake  shocks. 

4. 4. 3. 2.  Shear  Failure.  Shear  failure  is  one  in  which  a  portion  of  an 
embankment  or  of  an  embankment  and  foundation  moves  by  sliding  or  rotating 
relative  to  the  remainder  of  the  mass.  It  is  conventionally  represented 
as  occurring  along  a  surface  and  is  so  assumed  in  stability  analyses, 
although  shearing  may  occur  in  a  zone  of  substantial  thickness.  The 
circular  arc  or  the  sliding  wedge  method  of  analyzing  stability,  as  per¬ 
tinent,  should  be  used.  The  circular  arc  method  is  generally  applicable 
to  essentially  homogeneous  embankments  and  to  soil  foundations  consisting 
of  thick  deposits  of  fine-grained  soil  containing  no  layers  significantly 
weaker  than  other  strata  in  the  foundation.  The  wedge  method  is  generally 
applicable  to  rockfill  dams  and  to  earth  dams  on  foundations  containing 
weak  layers.  Other  methods  of  analysis  such  as  those  employing  complex 
shear  surfaces  may  be  appropriate  depending  on  the  soil  and  rock  in  the 
dam  and  foundation.  Such  methods  should  be  in  reputable  usage  in  the 
engineering  profession. 

4.4. 3. 3.  Loading  Conditions.  The  loading  conditions  for  which  the  embank¬ 
ment  structures  should  be  investigated  are  (I)  Sudden  drawdown  from  spill¬ 
way  crest  elevation  or  top  of  gates,  (II)  Partial  pool,  (III)  Steady 
state  seepage  from  spillway  crest  elevation  or  top  of  gate  elevation, 

and  (IV)  Earthquake.  Cases  I  and  II  apply  to  upstream  slopes  only; 

Case  III  applies  to  downstream  slopes;  and  Case  IV  applies  to  both  up¬ 
stream  and  downstream  slopes.  A  summary  of  suggested  strengths  and 
safety  factors  are  shewn  in  Table  4. 
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4. 4. 3. 6.  Seepage  Analyses.  Review  and  modifications  to  original 
seepage  design  analyses  should  consider  conditions  observed  in  the 
field  inspection  and  piezometer  instrumentation.  A  seepage  analysis 
should  consider  the  permeability  ratios  resulting  from  natural  deposi¬ 
tion  and  from  compaction  placement  of  materials  with  appropriate 
variation  between  horizontal  and  vertical  permeability.  An  under¬ 
seepage  analysis  of  the  embankment  should  provide  a  critical  gradient 
factor  of  safety  for  the  maximum  head  condition  of  not  less  than  1.5 
in  the  area  downstream  of  the  embankment. 


F.S  -  ic/i 


Hc/Dfe  -  Db  (Yn  -Yw) 

H/~Db  hY„ 


(2) 


ic  ■  Critical  gradient 

i  ■  Design  gradient 

H  ■  Uplift  head  at  downstream  toe  of  dam  measured  above 
tailwater 


Hc  ■  The  critical  uplift 

Dh  *  The  thickness  of  the  top  impervious  blanket  at  the 
downstream  toe  of  the  dam 

Yn  ■  The  estimated  saturated  unit  weight  of  the  material  in  the 
top  impervious  blanket 


Yv 


The  unit  weight  of  water 


Where  a  factor  of  safety  less  than  1.5  is  obtained  the  provision  of  an 
underseepage  control  system  is  indicated.  The  factor  of  safety  of  1.5 
is  a  recommended  minimum  and  may  be  adjusted  by  the  responsible  engineer 
based  on  the  competence  of  the  engineering  data. 

4.4.4.  Concrete  Dams  and  Appurtenant  Structures. 

4. 4. 4.1.  Reoulrements  for  Stability.  Concrete  dams  and  structures 
appurtenant  to  embankment  dams  should  be  capable  of  resisting  over¬ 
turning,  sliding  and  overstressing  with  adequate  factors  of  safety  for 
normal  and  maximum  loading  conditions. 
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4. 4. 4. 2.  loads.  Loadings  to  be  considered  in  stability  analyses  include 
the  water  load  on  the  upstream  face  of  the  dam;  the  weight  of  the  struc¬ 
ture;  internal  hydrostatic  pressures  (uplift)  within  the  body  of  the 
dam,  at  the  base  of  the  dam  and  within  the  foundation;  earth  and  silt 
loads;  ice  pressure,  seismic  and  thermal  loads,  and  other  loads  as 
applicable.  Where  tailwater  or  backwater  exists  on  the  downstream  side 
of  the  structure  it  should  be  considered,  and  assumed  uplift  pressures 
should  be  compatible  with  drainage  provisions  and  uplift  measurements  if 
available.  Where  applicable,  ice  pressure  should  be  applied  to  the 
contact  surface  of  the  structure  at  normal  pool  elevation.  A  unit  pres¬ 
sure  of  not  more  than  5,000  pounds  per  square  foot  should  be  used. 

Normally,  ice  thickness  should  not  be  assumed  greater  than  two  feet. 

Earthquake  forces  should  consist  of  the  inertial  forces  due  to  the 
horizontal  acceleration  of  the  dam  itself  and  hydrodynamic  forces 
resulting  from  the  reaction  of  the  reservoir  water  against  the  structure. 
Dynamic  water  pressures  for  use  in  conventional  methods  of  analysis  may 
be  computed  by  means  of  the  "Westergaard  Formula"  using  the  parabolic 
approximation  (H.M.  Westergaard,  ,rWater  Pressures  on  Dams  During  Earth¬ 
quakes,"  Trans.,  ASCE,  Vol  98,  1933,  pages  418-433),  or  similar  method. 

4.4.4. 3.  S tresses .  The  analysis  of  concrete  stresses  should  be  based  on 
in  situ  properties  of  the  concrete  and  foundation.  Computed  maximum  com¬ 
pressive  stresses  for  normal  operating  conditions  in  the  order  of  1/3 

or  less  of  in  situ  strengths  should  be  satisfactory.  Tensile  stresses 
in  unreinforced  concrete  should  be  acceptable  only  in  locations  where 
cracks  will  not  adversely  affect  the  overall  performance  and  stability 
of  the  structure.  Foundation  stresses  should  be  such  as  to  provide 
adequate  safety  against  failure  of  the  foundation  material  under  all 
loading  conditions. 

4. 4. 4. 4.  Overturning.  A  gravity  structure  should  be  capable  of  resisting 
all  overturning  forces.  It  can  be  considered  safe  against  overturning 

if  the  resultant  of  all  combinations  of  horizontal  and  vertical  forces, 
excluding  earthquake  forces,  acting  above  any  horizontal  plane  through 
the  structure  or  at  its  base  is  located  within  the  middle  third  of  the 
section.  When  earthquake  is  included  the  resultant  should  fall  within 
the  limits  of  the  plane  or  base,  and  foundation  pressures  must  be  accept¬ 
able.  When  these  requirements  for  location  of  the  resultant  are  not 
satisfied  the  investigating  engineer  should  assess  the  importance  to 
stability  of  the  deviations. 

4. 4. 4. 5.  Sliding.  Sliding  of  concrete  gravity  structures  and  of  abutment 
and  foundation  rock  masses  for  all  types  of  concrete  dams  should  be  evaluated, 
by  the  shear-friction  resistance  concept.  The  available  sliding  resis¬ 
tance  is  compared  with  the  driving  force  which  tends  to  induce  sliding 

to  arrive  at  a  sliding  stability  safety  factor.  The  investigation  should 
be  made  along  all  potential  sliding  paths.  The  critical  path  is  that 
plane  or  combination  of  planes  which  offers  the  least  resistance. 


4. 4. A. 5.1.  Sliding  Resistance.  Sliding  resistance  is  a  function  of 
the  unit  shearing  strength  at  no  normal  load  (cohesion)  and  the  angle 
of  friction  on  a  potential  failure  surface.  It  is  determined  by 
computing  the  maximum  horizontal  driving  force  which  could  be  resisted 
along  the  sliding  path  under  investigation.  The  following  general 
formula  is  obtained  from  the  principles  of  statics  and  may  be 
derived  by  resolving  forces  parallel  and  perpendicular  to  the  sliding 
plane: 


tan  (6  +  w.  )  + 


Cos<X.(l  -  tan  t>  tanoc 


where 

R  ■  Sliding  Resistance  (maximum  horizontal  driving  force  which  can 
be  resisted  by  the  critical  path) 

i  ■  Angle  of  internal  friction  of  foundation  material  or,  where 
applicable,  angle  of  sliding  friction 

V  -  Summation  of  vertical  forces  (including  uplift) 

c  ■  Unit  shearing  strength  at  zero  normal  loading  along  potential 
failure  plane 

A  •  Area  of  potential  failure  plane  developing  unit  shear  strength 

ii  c« 

&L  ■  Angle  between  inclined  plane  and  horizontal  (positive  for  uphill 
sliding) 


For  sliding  downhill  the  angle  O t  is  negative  and  Equation  (1)  becomes: 


V  tan  (t  -  o*  )  +  - cA - - - - 

cos  cx  (l  +  tan  i  tancx  ) 


When  the  plane  of  investigation  is  horizontal,  and  the  angle  orf  is  zero 
and  Equation  (1)  reduced  to  the  following: 


•  V  tan  i  +  cA 


(5) 
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4.4.4. 5. 2.  Downstream  Resistance.  When  the  base  of  a  concrete  structure 
is  embedded  in  rock  or  the  potential  failure  plane  lies  below  the  base, 
the  passive  resistance  of  the  downstream  layer  of  rock  may  sometimes  be 
utilized  for  sliding  resistance.  Rock  that  may  be  subjected  to  high 
velocity  water  scouring  should  not  be  used.  The  magnitude  of  the 
downstream  resistance  is  the  lesser  of  (a)  the  shearing  resistance 
along  the  continuation  of  the  potential  sliding  plane  until  it  daylights 
or  (b)  the  resistance  available  from  the  downstream  rock  wedge  along  an 
inclined  plane.  The  theoretical  resistance  offered  by  the  passive  wedge 
can  be  computed  by  a  formula  equivalent  to  formula  (3): 


W  tan  (6  +  o<  )  + 


_ cA _ _ _ _ 

coso  (1  -  tan  6  tancx  ) 


(6) 


Pp  ■  passive  resistance  of  rock  wedge 

W  ■  weight  (buoyant  weight  if  applicable)  of  downstream  rock  wedge 
above  inclined  plane  of  resistance,  plus  any  superimposed  loads 

b  »  angle  of  internal  friction  or,  if  applicable,  angle  of  sliding 
friction 


O*  ■  angle  between  inclined  failure  plane  and  horizontal 

c  ■  unit  shearing  strength  at  zero  normal  load  along  failure 

plane 

A  ■  area  of  inclined  plane  of  resistance 


When  considering  cross-bed  shear  through  a  relatively  shallow,  competent 
rock  strut,  without  adverse  jointing  or  faulting,  W  andcx.  may  be  taken 
at  zero  and  45°,  respectively,  and  an  estimate  of  passive  wedge  resis¬ 
tance  per  unit  width  obtained  by  the  following  equation: 


Pp  -  2  cD  (7)  . 

where  _ 

D  ■  Thickness  of  the  rock  strut 


4. 4. 4. 5. 3.  Safety  Factor.  The  shear- friction  safety  factor  is  obtained 
by  dividing  the  resistance  RR  by  H,  the  summation  of  horizontal  service 
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loads  to  be  applied  to  the  structure: 


Sg-f  “  Rr  (8) 

TT 

When  the  downstream  passive  wedge  contributes  to  the  sliding  resistance, 
the  shear  fruction  safety  factor  formula  becomes: 


s»-f  *  rr  4  pP 
H 


(9) 


The  above  direct  superimposition  of  passive  wedge  resistance  is  valid 
only  if  shearing  rigidities  of  the  foundation  components  are  similar. 
Also,  the  compressive  strength  and  buckling  resistance  of  the  downstream 
rock  layer  must  be  sufficient  to  develop  the  wedge  resistance.  Fcr 
example,  a  foundation  with  closely  spaced,  near  horizontal,  relatively 
weak  seams  might  not  contain  sufficient  buckling  strength  to  develop 
the  magnitude  of  wedge  resistance  computed  from  the  cross-bed  shear 
strength.  In  this  case  wedge  resistance  should  not  be  assumed  without 
resorting  to  special  treatment  (such  as  installing  foundation  anchors). 
Computed  sliding  safety  factors  approximating  3  or  more  for  all  loading 
conditions  without  earthquake,  and  1.5  including  earthquake,  should 
indicate  satisfactory  stability,  depending  upon  the  reliability  of  the 
strength  parameters  used  in  the  analvses.  In  some  cases  when  the  results 
of  comprehensive  foundation  studies  are  available,  smaller  safety  factors 
may  be  acceptable.  The  selection  of  shear  strength  parameters  should 
be  fully  substantiated.  The  bases  for  any  assumptions;  the  results  of 
applicable  testing,  studies  and  investigations;  and  all  pre-existing, 
pertinent  data  should  be  reported  and  evaluated. 
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